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ABSTRACT
Seasonal changes in the body component indexes of
Littorina irrorata were studied for a two year period.
Biochemical constituents (protein, carbohydrates, and
lipids) in the soft body components were analyzed for
one year.
Body component indexes cycled seasonally. Shell
index changes may be due to the seasonal changes in
the total of other indexes. All soft body components,
except the foot, exhibited a seasonal cycle which was
correlated with the reproductive cycle. Female
Littorina irrorata appeared to exhibit a bimodal
pattern of capsule deposition with the two peaks
occurring in May and August.
Seasonal changes in the biochemical level and
content were found to exhibit a seasonal periodicity. 
Protein and lipid content of the remaining visceral 
mass, gonad-digestive gland, and capsule-albumin
gland showed seasonal variations. It was concluded
that the capsule-albumin gland and gonad-digestive 
gland served to indicate the reproductive condition.
vi
INTRODUCTION
Several methods have been utilized recently to 
study the reproductive physiology of marine inverte­
brates; among these have been spawning, numbers of 
larvae captured, the appearance of ripe gametes in
gonads, the brooding of eggs, and the relative size
of gonads and other body components (Giese, 1959).
Giese (1969) has synthesized the exisiting data on
mollusc reproductive physiology and his study indicates
that most of the recent work on gastropods has utilized 
the relative size of the body component approach. One 
factor that must be considered when comparing repro­
ductive strategies of prosobranchs is the complexity
of their reproductive tract.
Prosobranch snails can be subdivided into three
orders: Archaeogastropoda, Mesogastropoda, and Neogas­
tropoda. The functional morphology of the reproductive
systems possessed by representative species of each 
order has been summarized by Morton (1958). All gastro­
pods have a single gonad. The Archaeogastropoda exhibit 
external fertilization. The oviduct is unspecialized, 
the eggs contain little yolk and there is no thick cap­
sule surrounding the eggs. Members of the orders
1
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Mesogastropoda and Neogastropoda exhibit internal
fertilization. Mesogastropods possess special genital 
ducts. The reproductive tract of more primitive forms 
function to receive and transport sperm during internal 
fertilization, while the reproductive tract of more
advanced forms function to provide better nutrition
and protective layers for the eggs. A glandular ovi­
duct is well developed in the order Neogastropoda.
Extraembryonic material is placed around the egg by
such glands as an albumin gland, a capsule gland, and,
sometimes a jelly gland, depending upon the species of
the snail. The function of these evolutionary develop­
ments is to allow for a shortened larval life in the
phytoplankton or for retention of the embryos in egg
capsules throughout larval development. Neogastropods
usually place their eggs in a horny capsule with most
of the eggs serving as nurse eggs for the larvae which
hatch.
Most of the literature that deals with seasonal
variation in the body component indexes and biochemical 
composition of the prosobranchs has been carried out on 
Archaeogastropods. Several investigators (Giese, 1969;
Webber and Giese, 1969; Webber, 1970) have examined
changes in the body component indexes and biochemical
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composition of the abalone Haliotis cracherodii. Changes
in the biochemical composition of the limpet Patella 
vulqata have also been reported (Blackmore, 1969)-
Investigations have been carried out on seasonal changes
of the composition of two species of Mesogastropods.
Stickle and Mrozek (1973) reported the seasonal changes
of body component indexes of Fusitriton oregonensis. 
Williams (1970) followed changes in lipid and carbohydrate
level of Littorina littorea. Hie only species of Neo­
gastropod to be studied thus far is Thais lamellosa. 
Seasonal changes in body component indexes have been 
reported by Stickle (1973), while changes in biochemical 
composition have been studied by Stickle (1975) and 
Lambert and Dehnel (1974).
Hie present investigation deals with seasonal changes 
in the composition of the Mesogastropod Littorina irrorata 
A small, light gray, prosobranch snail, commonly known as 
the salt marsh periwinkle, L. irrorata (Say, 1822) has a 
geographical range from New York along the eastern coast
to the Rio Grande River, excluding southern Florida
(Bingham, 1972a). Bingham's (1972a) inspection of 
specimens taken from nine locations between Corpus
Christi, Texas and Beaufort, North Carolina showed no
difference as to color and only minor ones as to shell
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shape and number of body whorl ridges from area to area.
Littorina irrorata displays sexual dimorphism of shell
size with the female being larger than the male.
Available field data on the feeding habits of L.
irrorata indicated that they graze microorganisms and
detritus from the surface on which they live (Alexander 
and Meyers, 1975). This food would include young spore- 
lings of other attached organisms and decaying plant and
animal tissue (Fretter and Graham, 1962). Bingham (1972a)
has estimated that Littorina irrorata could approach
their maximum size in 20 months if their growth rate in
the winter is similar to that in March through August.
Fertilization is internal and takes place at the
air-water interface. Copulation in the Florida snails
begins in May and ceases in September. Experiments and
observation (Bingham, 1972b) point to the possibility 
that high temperatures may be the stimulus for copula­
tion. Bingham (1972b) noted that the male copulatory 
organ developed when the male reached a length of
approximately 6 mm.
During spawning most females are at the air-water 
interface. Spawning occurs at approximately the same 
time as the next high tide after copulation. The snails 
lay clear, planktonic, disc-shaped egg capsules, which
contain one grey egg each. These eggs are continuously
expelled at the rate of 4 or 5 per second for 2 to 4 
hours. Approximately 43,000-85,000 eggs can be issued
from one snail (Bingham, 1972b).
The objectives of this study are twofold: the first
is to determine seasonal changes in the body component 
indexes and the biochemical composition of L. irrorata, 
and the second is to compare its reproductive strategy 




Adult specimens ( >20 mm long) of L. irrorata were
collected from a Spartina alterniflora marsh. The
location of the collection site was east of Louisiana
Route 1, about two miles north of the L.S.U. Sea Grant
Camp, at Grande Isle, Louisiana. Samples were collected 
at about monthly intervals from December, 1972 to 
December, 1974. Air temperature and salinity were
determined at the time of collection. The snails were
then placed into a collection jar or bag and transported 
to the laboratory where they were frozen (~20°C).
Each animal was removed from the freezer, wiped
5
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dry, weighed, and its length was determined to the
nearest 0.1 mm. This weight was designated as the
entire weight. The shell and operculum were removed,
and the animal sexed, weighed, and dissected. This
second weight was termed the wet weight. The differ­
ence between the entire weight and the wet weight
equalled the shell weight. The animal was dissected 
into component parts, e.g., foot, gonad-digestive 
gland, remaining visceral mass, and if female, capsule-
albumin gland complex. These components were frozen
between 2 cakes of dry ice and lyophilized to dryness,
weighed separately and stored in the freezer. The
weights were termed the foot weight, gonad-digestive
gland weight, remaining visceral mass weight, and the 
female capsule-albumin gland weight. Body water weight 
equalled the soft part wet weight minus the total soft
part dry weight.
Body Component Indexes
Body component indexes were calculated for each
specimen using Stickle*s (1973) definition of the 
component index. A body component index is defined as
follows: Body Component Index =
Weight of component_____
Entire weight of animal X 100 g standard snail
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Shell, body water, gonad-digestive gland, remaining
visceral mass, foot, and female capsule-albumin gland
indexes were determined.
Biochemical Level and Content
Biochemical level (concentration) was given as
dry weight. Biochemical content was defined as the 
total quantity found in the component per 100 g
standard snail.
Biochemical Analyses
Biochemical analyses were performed on freeze
dried samples of soft body components of the animals
collected between January, 1974 and December, 1974.
Individual dry soft body components were ground using 
mortar and pestle and then stored at 4°C. Samples were
I
removed from the refrigerator and allowed to reach room
temperature in a desiccator before the tissue was weighed
for biochemical analyses. Lipid level was determined by
the spectrophotometric procedure of Barnes and Blackstock 
(1973). This method uses cholesterol as a standard, and
as suggested by Barnes and Blackstock, cholesterol level 
was corrected to total lipid level by multiplying its 
value by 1.25. The tissue to be used for protein and 
carbohydrate determination was digested for one hour at
100°C with 20% potassium hydroxide, then diluted to a 
final potassium hydroxide concentration of 1%. The 
method of Dubois, et al. (1956) which uses glycogen
as the standard, was used to determine total carbohy­
drate. Protein was determined by the method of Lowry,
et al. (1951). Bovine serum albumin (fraction V) was
used as a standard.
Statistical Analyses
Data for each variable are given as the mean plus
and minus the confidence interval at the ninety-five
percent level of significance.
RESULTS
Body Component Indexes
Shell, body water, and environment data are given
in Table 1 for the males and Table 2 for the females.
There were no seasonal changes in either the shell or
body water index. Fluctuations in salinity and air temp
erature varied greatly from December 13, 1972 to
December 10, 1974. Hie highest salinity was 26% on
November 13, 1974, while the lowest was 9.5% on
December 13, 1972. Collection temperature ranged 




Soft anatomy component index data are given in 
Figures 1-4. Data for the foot are given in Figure 1
for the male and Figure 2 for the female. No seasonal
changes were evident in the foot index of either sex.
The male remaining visceral mass index (Figure 1)
remained at the same level from December, 1972 to
March, 1973 followed by an increase until May. The 
index declined between May and September, 1973 and
remained at that level through October, 1973. An
increase in the index occurred between November, 1973
and May, 1974. The index declined between May and July,
1974, increased in August and declined in September, 1974.
The index rose again until December.
The female remaining visceral mass data are depicted 
in Figure 2. December, 1972 through July, 1973 values 
were the same followed by a decline between July and 
September. An increase occurred between September and
December and the value remained the same until May, 1974.
It declined from May to June, increased until August,
declined in September, and then increased until December,
1974.
The male testis-digestive gland index (Figure 3)
shows seasonal periodicity and correlates with the
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expected reproductive cycle as given in Bingham (1972b). 
The ovary-digestive gland index and capsule-albumin
index (Figure 4) show a seasonal periodicity. There 
appeared to be a biinodal character to the suspected 
reproductive period in 1974. Sampling in 1973 may have 
been too infrequent to adequately describe the events
occurring during the reproductive period.
The capsule-albumin gland index data are also given
in Figure 4. Hiis body component index increased from 
0.17 in December, 1972 to 0.72 in July, 1973, then de­
clined to 0.43 in September, 1973. The index remained
low until March, 1973 (0.34). The capsule-albumin gland
index increased from March until June (0.90), declined
in July (0.47) and increased to 0.81 in August, 1974
and declined to 0.36 in October.
The largest seasonal change in biomass occurred in
the gonad-digestive gland complex. In general, the gonad 
digestive gland complex, the remaining visceral mass of 
both male and female, and the female capsule-albumin 
gland complex cycle together throughout the season. 
Seasonal changes in all male and female soft body 




The biochemical level of male components are given
in Table 3. Average testis-digestive gland levels
showed the following seasonal ranges: protein, 24.0-
43.3%; carbohydrate, 8.2-14.7%; lipid, 23.8-51.4%.
Average remaining visceral mass levels exhibited the
following seasonal ranges: protein, 2 7.2-40.8%; carbo­
hydrate, 5.7-12.0%; lipid, 6.7-16.2%. Average foot 
levels showed the following ranges: protein, 24.4-37.5%; 
carbohydrate, 5.7-13.5%; lipid, 5.3-13.0%.
There were no significant seasonal changes in foot 
protein level. Both the remaining visceral mass and 
the testis-digestive gland reached their highest levels 
of protein in May, July, August, and September. Their 
lowest level occurred during the spring of 1974. Carbo­
hydrate levels of the male body components showed no 
significant seasonal changes. The lipid level of the
testis-digestive gland is much higher than in the other
two components and reached its highest value in April 
and May. There were no significant changes in foot
or remaining visceral mass lipid levels.
The biochemical level of female components are given
in Table 4. Average ovary-digestive gland levels exhib­
ited the following ranges: protein, 25.9-38.9%;
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carbohydrate, 7.3-13.0%; and lipid, 17.3-43.0%. Average
remaining visceral mass levels showed the following
seasonal ranges; protein, 24.0-42.4%; carbohydrate, 
5.9-12.9%; and lipid, 3.4-17.5%. Average capsule-albumin 
gland levels exhibited the following seasonal ranges; 
protein, 20.3-59.9%; carbohydrate, 9.8-22.1%; and lipid, 
5.5-19.8%. Average foot levels showed the following 
seasonal ranges; protein, 25.2-44.3%; carbohydrate, 
6.0-12.8%; and lipid, 5.9-14.9%.
No significant seasonal changes occurred in foot 
protein level. Highest protein level of the ovary- 
digestive gland occurred in August and October. While 
the remaining visceral mass reached its highest protein 
level in August and in September, capsule-albumin gland 
protein level was high in May and was highest in October 
through December, 1974.
There were no significant changes in the carbohydrate
level of the foot, ovary-digestive gland or the remaining
visceral mass. Highest carbohydrate levels were found in 
the capsule-albumin gland from January through March.
There were no significant seasonal trends in capsule-
albumin gland, remaining visceral mass, or foot lipid 
level. The ovary-digestive gland exhibited much higher
lipid levels than in the remaining visceral mass, or the
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capsule-albumin gland, or the foot. The ovary-digestive
gland lipid level showed a significant seasonal cycle.
Biochemical Content
Data for male biochemical content are given in Table
5 for the foot and Figure 3 for the other soft body com­
ponents. Biochemical content varied seasonally in the 
testis-digestive gland and the remaining visceral mass. 
Average testis-digestive gland content showed the follow­
ing seasonal ranges: protein, 0.29-0.76; carbohydrate, 
0.07-0.26; and lipid, 0.17-1.23 g per 100 g animal.
Average remaining visceral mass content exhibited the
following seasonal ranges: protein, 0.66-1.22; carbohy­
drate, 0.16-0.41; lipid, 0.16-0.57 g per 100 g animal.
Average foot content showed the following ranges: protein,
0.28-0.43; carbohydrate, 0.09-0.20; lipid, 0.07-0.16 g
per 100 g animal.
The protein content of the testis-digestive gland
exhibited significant seasonal changes and reached its 
peak in May. No obvious seasonal changes occurred in 
the remaining visceral mass or foot protein content.
The predominant biochemical constituent was protein and 
the remaining visceral mass had the highest content.
The carbohydrate content of the testis-digestive
14
gland showed seasonal periodicity and reached a peak in 
June. The carbohydrate content exhibited no seasonal
cycle in the remaining visceral mass or foot.
Both the testis-digestive gland and the remaining
visceral mass showed seasonal fluctuations in lipid con­
tent reaching their highest values in April and May res­
pectively. There was no seasonal trend in lipid content
of the foot.
Data for female biochemical content was given in
Table 5 for the foot and Figure 4 gives data for the
other soft body components. Biochemical content of the
ovary-digestive gland, the remaining visceral mass, and 
the capsule-albumin gland varied seasonally. Average 
ovary-digestive gland content exhibited the following 
seasonal ranges: protein, 0.24-0.86; carbohydrate, 0.07- 
0.25; and lipid, 0.20-0.91 g per 100 g animal. Average 
remaining visceral mass content showed these seasonal 
ranges: protein, 0.54-1.09; carbohydrate, 0.10-0.29; and 
lipid, 0.15-0.48 g per 100 g animal. Average capsule-
albumin gland content exhibited the following ranges:
protein, 0.07-0.27; carbohydrate, 0.03-0.13; and lipid,
0.04-0.11 g per 100 g animal. Average foot content exhib 
ited the following seasonal ranges: protein, 0.24-0.51; 
carbohydrate, 0.06-0.13; and lipid, 0.06-0.15 g per 100 g
animal.
The ovary-digestive gland, remaining visceral mass,
and capsule-albumin gland protein content exhibited
significant seasonal changes with capsule-albumin
maximum values occurring in May and August. There was
no significant seasonal change in the protein content
of the foot.
Carbohydrate content of the ovary-digestive gland
reached a maximum value in June and a minimum value in
September and in October. Foot, remaining visceral mass,
and capsule-albumin gland exhibited no significant
seasonal trends in carbohydrate content.
The ovary-digestive gland complex exhibited signi­
ficant seasonal changes for lipid content with a maximum 
in June. The lipid content of the remaining visceral 
mass, capsule-albumin gland, and foot showed no signi­
ficant seasonal changes.
DISCUSSION
Seasonal changes in body component indexes, bio­
chemical level and biochemical content can be utilized
to indicate the net accumulation or loss of organic
material from L. irrorata. Seasonal changes in male
and female soft body parts and body water indexes
15
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paralleled each other. Body water was a reflection of
total tissue biomass. The shell index exhibited an
inverse relationship with changes in total soft body and
body water indexes.
Seasonal changes in the shell index may have been 
due to seasonal changes in the magnitude of the total of 
other indexes as shown for Thais lamellosa by Stickle
(1973). The shell index of L. irrorata (70-75) resembles
that of T. lamellosa (81.5-88.0) (Stickle, 1973),
Polinices lewissi (61.6) (Giese, 1969), and Fusitriton
oregonensis (57.7-65.3) (Stickle and Mrozek, 1973) more
than that of the abalone, Haliotis cracherodii (37) and 
the keyhole limpet, Megathura crenulata (7.4) (Giese,
1969).
Seasonal periodicity was exhibited by the gonad-
digestive gland and capsule-albumin gland indexes. This 
periodicity correlates well with the copulation and cap­
sule production phase of the reproductive cycle (May to 
September) of L. irrorata from Florida (Bingham, 1972b). 
The accessory reproductive tract of female T. lamellosa
(Stickle, 1973) and F. oregonensis (Stickle and Mrozek,
1973) reached maximum size one to two months before
capsule deposition and it is the last part of the animal 
to reach reproductive readiness. The capsule-albumin
17
gland of L. irrorata appears to follow a similar trend
as both T. lamellosa and oregonensis, but the pattern
is not as clearly delineated. Bingham (1972b) indicated
that copulation and capsule release occur during high
tide. Copulation occurs one day prior to capsule release.
In L. irrorata, feeding activity can occur intermittently
with copulation and capsule reproduction. Absorbed food 
may be continuously allocated to the accessory reproduct­
ive tract of L. irrorata. In contrast, T. lamellosa and
F. oregonensis starve during a several month capsule
deposition period. All necessary biochemical reserves 
must be stored in the soft parts of these species prior
to capsule deposition.
The reproductive tract of L. irrorata has not been
described in the literature but appears to be similar to
L. littorea (Fretter and Graham, 1962). In L. littorea,
the capsule-albumin gland complex is composed essentially 
of three separate glands. The most posterior is the
albumin gland which secretes material available as
nutritive substrate for the developing embryo. The 
capsule gland produces a capsule in which eggs are 
accommodated. Finally, there is the "covering" gland 
which secretes a "shell" or egg covering (Fretter and
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Graham, 1962). The reproductive tract of L. irrorata
appears to correlate well with the evolutionary status
of the species within the subclass Prosobranchia, order
Mesogastropoda.
The foot of L. irrorata is unspecialized and the
index does not appear to change seasonally. Hie foot
of T. lamellosa (Stickle, 1973) and F. oregonensis
(Stickle and Mrozek, 1973) was found to be a minor
component which also did not cycle seasonally. In
contrast, the foot of H. cracherodii, P. lewissii. and
M. crenulata made up a larger percentage of soft anatomy.
Webber (1970) found that the foot index of H. cracherodii
cycled seasonally.
Biochemical level and content data can give an
indication of relative importance of each class of 
nutrients to the reproductive physiology of L. irrorata. 
The predominant organic constituent for all body compon­
ents of L. irrorata is protein. Giese (1969) found this
to be true of all molluscs he studied. The protein level
of the body components of L. irrorata were within a range 
of 30-40%. Male components (remaining visceral mass and 
testis-digestive gland) reached their highest protein 
levels in May through September. Female components 
(remaining visceral mass, ovary-digestive gland, and
19
capsule-albumin gland) exhibited two peaks: one in May
and one in August. The remaining visceral mass had the 
highest protein content. This parallels the situation
found in T. lamellosa (Stickle, 1975). However, the
remaining visceral mass protein content did not show 
seasonal variation. The protein content of the gonad-
digestive gland exhibited seasonal variation. The ovary-
digestive gland and the testis-digestive gland protein
content reached maximum size in May. The ovary-digestive 
gland protein content declined until July and reached 
another peak in August. This apparent phenomenon has 
several explanations. The two periods of female accumu­
lation of protein may be due to a bimodal type of repro­
ductive cycling suggesting that L. irrorata has two 
principle spawning episodes. Bingham (1972b), working 
with populations from Florida, found that L. irrorata
had a continuous release of egg capsules, but that most
of the egg capsules were released from May to September.
This phenomena of two peaks may indicate two major
periods of protein accumulation for gamete and egg
capsule production. The male may be capable of incor­
porating digestive matter into reproductively active 
cells faster than the female. Hence, the male may
produce a continuous supply of sperm and prostatic fluid
20
Gamete production cannot be determined from data given 
in this study. This apparent bimodal form of reproduct­
ive activity evinced from the data may be a reflection of 
optimum temperature for capsule release at those periods. 
Temperature between the two peaks may be higher than 
optimum for reproductive activity to occur.
The gonad of L. littorea matures from December to
April, with a release of gametes in May. The gonads are 
then in a "spent" condition from June to October
(Williams, 1970) . L. littorea, T. lamellosa, and
F. oregonensis are temperate animals. The availability 
of food during the winter may be limited by various en­
vironmental factors. The reproductive strategy employed 
by a more northern species would not be the same as that 
employed by a southern species where food is available 
all year. L. littorea, T. lamellosa, and F. oregonensis
build up food reserves during the summer months and breed
during the winter months followed by the release of repro­
ductive material. Alexander and Meyer (1976) found that 
feeding periodicity of L. irrorata is related to tide and
temperature. L. irrorata has the opportunity to feed all
year and, therefore, peaks indicating storage and utili­
zation of biochemical constituents may not be as dramatic 
as has been noted in a northern species.
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The capsule-albumin gland protein content exhibited 
peaks in May and August. This data further supports the 
hypothesis that protein is utilized for the production 
of gametes and capsule material and that L. irrorata has 
two major spawning episodes.
The foot of L. irrorata is comprised of approximately
30-40% protein. Protein level and content did not change 
seasonally. Stickle (1975) found similar results with 
the foot of T. lamellosa. In contrast, the dominant body 
component in H. cracherodii is the foot (Webber, 1970).
The foot protein content of H. cracherodii varied season­
ally, reaching a peak in November and a minimum in August.
The capsule-albumin gland had the highest carbohydrate
level, while the remaining visceral mass had the highest
carbohydrate content. There was no significant seasonal 
change in carbohydrate level for the foot, ovary-digestive 
gland, testis-digestive gland, and remaining visceral mass.
However, L. irrorata from Louisiana (Alexander and Meyer,
1976) feed continuously as opposed to the non-feeding
stage of other gastropods such as T. lamellosa (Stickle,
1973) and F. oregonensis (Stickle and Mrozek, 1973). 
Lambert and Dehnel (1973) suggest that there is a corre­
lation between the maximum feeding rate and peak glycogen 
levels in T. lamellosa. Furthermore, they felt that
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glycogen was not stored to any great extent but was
metabolized into lipid or protein. Stickle (1975) felt
that polysaccharide does not act as a temporary storage
pool from which lipid and protein are synthesized in
T. lamellosa. Lambert and Dehnel (1973) had based their
conclusions solely on level data, while Stickle (1975)
took into account both level and content data.
Capsule-albumin gland carbohydrate level showed
seasonal variation, but there was no significant seasonal
variation in content. The highest carbohydrate levels
were reached in January through March, and carbohydrate
levels declined in April and May. Capsule-albumin gland
indexes were lowest in January through March and increased
from March through June. These two changes, in effect,
cancel one another out in regard to carbohydrate content
changes.
The carbohydrate content of the remaining visceral
mass and foot also showed no significant seasonal change.
Testis-digestive gland and ovary-digestive gland carbo­
hydrate content showed seasonal variation. Both the
ovary-digestive gland and the testis-digestive gland
carbohydrate content reached maximum value in June and
minimum value in September and October. In this instance,
the carbohydrate content is fluctuating, but the level is
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not. Changes in the index are responsible for changes
in the content. Lambert and Dehnel (1973) feel that
under normal conditions, glycogen is not usually used
as a food reserve. In H. cracherodii, the polysaccharide 
level (Webber arid Giese, 1969) and content (Webber, 1970)
was lowest in the whole animal when the gonad growth was
most pronounced. In contrast to Webber’s findings, 
carbohydrate content for L. irrorata was highest just
before spawning episodes.
The gonad-digestive gland was the component with the 
highest lipid level and content. There was no significant 
seasonal variation in the lipid level for the foot, the
remaining visceral mass, and the capsule-albumin gland;
however, the latter two varied from month to month.
There was no significant seasonal variation for either
the foot or the capsule-albumin gland.
Giese (1966) considered structural lipid to comprise 
5.2% of dry weight since it is found at that level in 
crab muscle which histochemically appeared to store no 
lipid. Lambert and Dehnel (1974) found that the lipid 
level of the foot of T. lamellosa was approximately 7% 
throughout the year and concluded that it was probably
structural. They concluded from this evidence that
lipid storage probably did not occur in the foot.
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Based on content changes, Stickle (1975) found that the
foot was a minor lipid depot. Since the foot of L.
irrorata showed no significant seasonal variation for
either lipid content or level and its concentration is
low, the lipid content of the foot may be structural.
Both the gonad-digestive gland and the remaining
visceral mass lipid level and content cycle seasonally.
The ovary-digestive gland lipid level increased until
May. The lipid level decreased in July and in October,
which marked the end of the major reproductive season.
The testis-digestive gland reached its highest lipid level 
with the presumed onset of copulation (April). The lipid 
level decreased in September, which was at the end of the 
presumed spawning season. Williams (1970) found that 
there was a marked increase in lipid and carbohydrate
levels of L. littorea during the months of July, August, 
and September. He felt that these food reserves were 
utilized for gamete production. Giese (1969) also found 
storage of lipid early in the season, which was used as
reserve for the reproductive season. H. cracherodii
(Giese, 1969) reached maximum values of lipid level in
July and minimum values in October. Spawning in H. 
cracherodii takes place in September. Giese (1969) felt
that considerable amounts of lipid were stored in the
ovary of H. cracherodii. The lipid level of the visceral
mass decreased at the time of ovarian increases, which
occurred just before spawning. The visceral mass increased 
in lipid level after spawning. Giese (1969) suggested 
that these changes are indirect indications of the mobil­
ization of lipid from the visceral mass where it was 
transported to the gonads. Ihe ovary-digestive gland of
L. irrorata reached a maximum in June and a minimum in
July and October, while the remaining visceral mass did 
not fluctuate significantly from January through August, 
and declined in September until November. It does not 
appear that lipid is transferred from the remaining 
visceral mass of L. irrorata to the gonad-digestive
gland. Changes in lipid level and content are not as 
dramatic in L. irrorata as with more northern species.
SUMMARY
1. Seasonal changes were determined in the following 
body component indexes of Littorina irrorata: 
shell, body water, gonad-digestive gland, visceral 
mass, and capsule-albumin gland. Protein, lipid,
and carbohydrate level and content were examined
in the soft body components.
2. Body component indexes changed seasonally. Seasonal
25
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changes in the shell index may be due to seasonal
changes in the total of other indexes. The body
water, remaining visceral mass, gonad-digestive
gland, and capsule-albumin gland exhibited a
seasonal cycle. This periodicity appears to
correlate with the reproductive cycle. The foot
did not cycle seasonally.
3. There appears to be two reproductive episodes; and
this is evinced by the two peaks which occur in the
capsule-albumin gland and the ovary-digestive gland 
and also by the changes in the lipid level and 
content of female L. irrorata soft body components.
Protein content of the remaining visceral mass,
ovary-digestive gland and capsule-albumin gland 
showed two peaks which occurred in May and August. 
The two peaks of the lipid content occurred in June
and August.
4. Soft body components of L. irrorata exhibit the
following characteristics in regard to biochemical 
composition. Protein level of all body components 
was within a range of 30-40%. The capsule-albumin 
gland had the highest carbohydrate level (9.8-22.1%) 
while the gonad-digestive gland was the component 
with the highest lipid level (17.3-51.4%).
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5. Seasonal changes in protein, lipid and carbohydrate
content were due predominantly to changes in index
rather than biochemical level. The gonad-digestive
gland (0.24-0.86) and the capsule-albumin gland 
complex (0.07-0.27) showed seasonal periodicity in 
protein content. The carbohydrate content of the 
gonad-digestive gland showed significant seasonal
variation (0.07-0.26). The lipid content of the 
gonad-digestive gland (0.17-1.23) and the remaining 
visceral mass (0.15-0.57) cycle seasonally. The 
foot was not an important depot for any biochemical
constituent.
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TABLE I
COLLECTION DATA, SHELL AND BODY WATER INDEXES OF MALE LITTORINA IRRORATA
Shell and body water indexes are given as the mean plus and minus the ninety-five 







Shell Index Body Water 
Index
Dec. 13, 1972 12 N.D. 9.5 73.98+2.02 19.95+1.68
Feb. 6, 1973 17 23.0 N.D. 74.29+1.88 18.33+1.61
Mar. 17, 1973 18 N.D. 11.0 72.18+1.26 19.84+1.32
May 23, 1973 12 30.0 14.0 69.66+2.20 22.75+2.24
July 8, 1973 13 32.0 18.0 72.02+1.42 21.10+1.03
Sept. 21, 1973 21 28.0 15.5 73.92+2.09 21.09+1.56
Oct. 27, 1973 13 26.5 20.0 76.25+2.89 18.69+2.27
Dec. 6, 1973 11 15.3 24.0 74.96+2.23 19.72+1.77
Jan. 5, 1974 13 17.0 24.0 73.59+1.55 21.28+1.73
Feb. 7, 1974 9 24.2 13.0 70.80+3.27 22.11+1.19
Mar. 7, 1974 18 22.4 17.0 71.99+1.53 21.24+1.65
Apr. 20, 1974 15 24.0 20.0 70.51+2.47 22.60+3.29
May 16, 1974 23 30.8 16.5 72.59+1.29 20.07+1.17
June 13, 1974 10 29.0 18.0 74.90+6.89 21.51+2.27
July 11, 1974 13 30.0 17.0 74.53+1.59 21.68+1.96
Aug. 6, 1974 6 29.5 23.0 73.36+2.28 20.71+3.09
Sept. 19, 1974 14 29.2 23.0 76.82+1.49 19.19+1.62
Oct. 20, 1974 11 23.0 24.0 76.74+2.03 18.52+1.44
Nov. 13, 1974 10 15.0 26.0 73.43+7.70 22.00+7.54
Dec. 10, 1974 15 12.0 24.0 72.16+1.85 27.04+1.58
TABLE 2
COLLECTION DATA, SHELL AND BODY WATER INDEXES OF FEMALE LITTORINA IRRORATA
Shell and body water indexes are given as the mean plus and minus the ninety-five 







Shell Index Body Water 
Index
Dec. 13, 1972 13 N.D. 9.5 75.67+1.78 18.84+1.70
Feb. 6, 1973 14 23.0 N.D. 76.21+1.79 17.96+1.78
Mar. 17, 1973 17 N.D. 11.0 76.01+1.17 17.62+1.05
May 23, 1973 15 30.0 14.0 71.84+2.54 20.59+1.84
July 8, 1973 21 32.0 18.0 73.78+1.63 19.61+1.40
Sept. 21, 1973 11 28.0 15.5 77.92+1.93 18.94+2.75
Oct. 27, 1973 20 26.5 20.0 77.54+2.29 17.81+2.83
Dec. 6, 1973 22 15.3 24.0 77.05+1.17 17.76+1.12
Jan. 5, 1974 19 17.0 24.0 76.71+1.37 19.42+1.43
Feb. 7, 1974 9 24.2 13.0 72.83+3.25 19.85+2.12
Mar. 7, 1974 13 22.4 17.0 76.91+2.21 16.85+2.53
Apr. 20, 1974 17 24.0 20.0 74.21+1.39 20.72+1.29
May 16, 1974 11 30.8 16.5 76.92+1.36 16.87+1.51
June 13, 1974 11 29.0 18.0 75.42+2.04 19.36+1.87
July 11, 1974 14 30.0 17.0 75.16+1.91 20.02+1.66
Aug. 6, 1974 19 29.5 23.0 73.47+1.94 20.01+1.83
Sept. 19, 1974 15 29.2 23.0 77.63+3.02 16.82+1.04
Oct. 20, 1974 17 23.0 24.0 78.95+0.89 16.77+0.77
Nov. 13, 1974 22 15.0 26.0 77.73+1.11 18.05+0.97
Dec. 10, 1974 20 12.0 24.0 73.52+5.51 18.52+0.85
TABLE 3
Littorina irrorata Male body component protein, carbohydrate and lipid level data are given as 
percent of dry weight. Testes-digestive gland is abbreviated as IDG; Remaining visceral mass 
as RVM. Confidence limits (C.L.) are given at the 95% level of significance and sample size 
is denoted by N.
Comp. Jan. Feb. March Apr. Mav June Julv Aug. Sept. Oct. Nov. Dec.
TOG
protein
Mean 28.4 30.2 26.0 24.0 38.1 26.1 39.9 37.1 43.4 40.6 33.5 31.7
C.L. 4-2.86 +3.25 +2.80 +1.67 +6.29 ±7.41 +14.91 +3.41 +8.78 +9.53 +4.49 +3.68
N 8 7 7 8 8 5 8 6 8 8 8 8
carb.
Mean 10.6 8.2 12.2 11.2 9.1 14.3 9.9 8.7 10.3 9.5 14.7 12.6
C.L. +3.45 +2.11 +2.4 +4.01 +1.34 +4.51 +3.92 +2.34 +3.30 +1.54 +3.77 +1.92
N 8 7 7 8 8 7 7 6 8 8 8 8
lipid
Mean 25.9 27.9 32.0 51.4 47.2 32.4 35.1 33.0 23.8 24.4 31.2 35.6
C.L. +10.04 +7.63 +4.40 +16.27 +6.06 +14.87 +6.41 +13.19 +8.66 +5.04 +9.55 +12.88
N 8 7 7 7 8 7 7 6 7 8 8 7
RVM
protein
Mean 28.0 31.7 27.4 27.2 34.0 29.7 34.7 40.8 34.4 27.5 33.0 32.5
C.L. +2.20 +3.19 +4.73 +6.38 +4.75 +6.35 +13.75 +4.39 +6.50 +4.36 +3.07 +2.72




Jan. Feb. March Apr. May June July Auq. Sept. Oct. Nov. Dec.
RVM
carb.
Mean 5.7 7.5 12.0 8.4 9.1 11.1 6.2 8.7 8.1 6.1 9.6 9.3
C.L. +2.99 +1.16 +1.9 +1.73 +2.76 +6.99 +2.81 +5.19 +1.33 +0.73 +2.45 +1.19
N 8 7 8 8 8 7 8 5 8 8 8 8
lipid
Mean 8.6 9.4 14.6 14.6 16.2 14.0 13.4 9.6 6.7 9.5 12.0 11.3
C.L. +2.41 +2.73 +3.57 +2.45 +3.15 +3.12 +2.83 +6.23 +1.90 +3.03 +1.65 +1.01
N 8 7 8 8 8 7 8 6 8 8 8 8
Foot
protein
Mean 28.4 28.0 34.5 24.4 34.6 28.6 31.7 37.5 34.7 29.2 32.9 36.3
C.L. +3.13 +6.35 +8.48 +1.54 +6.14 +3.01 +7.08 +9.33 +2.26 +7.24 +2.87 +6.93
N 8 7 8 8 8 7 8 6 8 8 8 8
carb.
Mean 11.9 7.7 5.7 11.2 8.2 13.0 9.8 12.2 13.5 10.0 10.4 10.4
C.L. +2.16 +2.66 +3.63 +6.45 +2.69 +2.34 +0.87 +4.63 +7.20 +1.65 +1.92 +1.86
N 8 7 8 8 8 7 8 5 8 8 8 8
lipid
Mean 5.6 8.8 7.8 11.4 13.0 10.1 10.7 8.5 5.3 8.4 13.0 10.6
C.L. +2.69 +2.29 +2.57 +2.88 +2.25 +1.41 +5.37 +4.11 +1.54 +2.17 +4.85 +2.17
N 8 7 8 8 8 7 8 6 7 8 8 7
-J
TABLE 4
Littorina irrorata Female body component protein, carbohydrate and lipid level data are given 
as percent of dry weight. Ovary-digestive gland is abbreviated as ODG? Remaining visceral 
mass as RVM; and Capsule-albumin gland as CAG. Confidence limits (C.L.) are given at the 
95% level of significance and sample size is denoted by N.
Comp. Jan. Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec.
ODG
protein
Mean 32.9 29.7 27.2 24.4 32.2 25.9 31.3 38.9 30.9 38.2 33.4 29.5
C.L. +9.41 +2.36 +2.31 +3.04 +6.29 +1.35 +4.35 +2.13 +3.74 +10.35 +5.32 +9.10
N 8 8 8 7 6 8 8 10 7 8 8 8
carb.
Mean 12.9 9.8 12.4 7.3 8.1 12.4 7.5 9.0 8.8 9.0 13.0 11.1
C.L. +4.09 +2.72 +3.2 +4.01 +1.34 +1.66 +1.91 +2.04 +1.76 +1.89 +2.36 +2.87
M 8 8 8 6 6 8 8 10 8 6 8 8
Mean 17.3 28.9 29.7 36.2 39.5 43.0 40.2 33.4 28.2 21.7 28.8 37.5
C.L. +1.46 +6.05 +6.37 +2.57 +6.06 +16.96 +10.84 +6.07 +11.61 +5.83 +7.76 +8.72
N ~ 7 ~ 8 8 7 6 8 7 ~ 10 8 8 8 8
RVM
protein
Mean 30.7 29.2 24.0 24.4 32.5 28.3 33.5 42.4 38.7 26.9 28.9 32.5
C.L. +2.47 +3.98 +5.93 +2.24 +10.25 +4.25 +5.95 +5.90 +13.27 +5.06 +3.81 +7.04
N ~ 8 8 ~ 8 7 6 8 8 9 7 8 8 ' 8
GJ
cn
Jan. Feb. March Apr. May
Foot
protein
Mean 30.0 31.9 25.2 25.4 40.2
C.L. +7.90 +5.03 +5.21 +2.82 +15.62
N 7 8 8 8 6
carb.
Mean 11.4 8.4 12.8 6.0 10.0
C.L. +0.98 +2.26 +3.0 +2.57 +2.17
N 7 8 8 7 6
lipid
Mean 5.9 9.8 7.4 14.9 13.6
C.L. +4.21 +2.44 +0.22 +4.41 +9.84
N 7 8 7 8 6
TABLE 4 continued
June July Auer. Sept. Oct. Nov. Dec.
27.1 29.4 44.3 37.1 29.1 29.1 33.0
+2.45 +6.35 +10.07 +3.57 +4.57 +4.83 +7.67
8 8 10 8 8 7 7
12.3 8.9 9.7 8.7 8.5 8.2 11.6
+4.19 +2.11 +1.61 +1.56 +2.30 +1.19 +3.25
8 8 9 8 8 8 8
10.8 11.6 10.5 6.2 12.4 13.1 11.0
+2.35 +3.2 +3.57 +3.88 +5.76 +4.95 +3.54
8 8 10 8 8 7 8
TABLE 5
Littorina irrorata Male and female body component protein, carbohydrate and lipid foot content 
Data given as grama per 100 gram standard animal. Confidence limits (C.L.) are given at the 
95% level of significance and sample size is denoted by N.
Jan. Peb. March Apr. Mav June Julv Auq, Sept. Oct. Nov. Dec.
MALE
Protein
Mean 0.33 0.33 0.38 0.34 0.40 0.31 0.31 0.42 0.33 0.34 0.28 0.43
C.L. +0.05 +0.09 +0.12 +0.03 +0.08 +0.04 +0.18 +0.14 +0.04 +0.08 +0.09 +0.09
N 8 7 8 8 8 7 8 6 8 8 8 8
Carb.
Mean 0.14 0.09 0.12 0.14 0.10 0.14 0.11 0.14 0.20 0.12 0.09 0.12
C.L. +0.03 +0.04 +0.02 +0.08 +0.02 +0.01 +0.03 +0.05 +0.16 +0.02 +0.03 +0.02
N ~ 8 ~ 7 “ 8 ~ 8 “ 8 ~ 7 8 4 8 8 ~~ 8 ~ 8
Lipid
Mean 0.07 0.17 0.08 0.16 0.15 0.11 0.08 0.08 0.05 0.08 0.12 0.12
C.L. +0.03 +0.13 +0.02 +0.04 +0.03 +0.03 +0.03 +0.04 +0.02 +0.03 +0.05 +0.03
N 8 7 8 8 8 7 8 6 7 8 8 8
FEMALE
Protein
Mean 0.43 0.34 0.25 0.26 0.52 0.26 0.24 0.51 0.26 0.26 0.30 0.36
C.L. +0.11 +0.07 +0.05 +0.03 +0.28 +0.04 +0.04 +0.15 +0.04 +0.05 +0.01 +0.17
N 7 ~ 8 8 8 6 8 8 10 8 8 7 7
co'-J
TABLE 5 continued
Jan. Feb. March Apr. May Juhe July Auq. Sept. Oct. Nov. Dec.
FEMALE
Carb.
Mean 0.17 0.09 0.12 0.06 0.13 0.12 0.07 0.10 0.08 0.08 0.08 0.11
C.L. +0.03 +0.04 +0.03 +0.03 +0.06 +0.06 +0.01 +0.01 +0.03 +0.03 +0.02 +0.04
N 8 8 8 7 6 8 8 9 8 8 8 8
Lipid
Mean 0.08 0.11 0.07 0.15 0.11 0.11 0.10 0.11 0.06 0.11 0.14 0.10
C.L. +0.07 +0.04 +0.03 +0.04 +0.03 +0.03 +0.02 +0.04 +0.03 +0.04 +0.09 +0.02
N 7 8 7 8 6 8 8 10 8 8 8 8
oo
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Figure 1. Male remaining visceral mass and foot indexes 
are represented by a cross. The horizontal 
line or dot represents the mean and the 




Figure 2. Female remaining visceral mass and foot indexes 
are represented by a cross. The horizontal 
line or dot represents the mean and the 




Figure 3. Male testis-digestive gland indexes are 
represented by a cross. The horizontal 
line represents the mean and the vertical




Figure 4. Female ovary-digestive gland and capsule- 
albumin gland indexes are represented by a 
cross. The horizontal line or dot represents
the mean and the vertical line the 95%
confidence range about the mean.
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Figure 5. Protein, carbohydrate, and lipid content in 
the testis-digestive gland (TDG) and the 
remaining visceral mass (RVM) of male
Littorina irrorata. The mean is indicated
by the bar and the 95% confidence interval 





Figure 6. Protein, carbohydrate, and lipid content in 
the ovary-digestive gland (ODG), remaining 
visceral mass (RVM), and capsule-albumin 
gland (CAG) complex of female Littorina 
irrorata. The mean is indicated by the bar 
and the 95% confidence interval is given by
the smaller line at the top of each bar.
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Figure 7. Index, protein, carbohydrate, and lipid
content of the capsule-albumin gland (CAG)
complex of the female Littorina irrorata.
The mean is indicated by the bar and the 
95% confidence interval is given by the 
smaller line at the top of each bar.
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